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ABSTRACT
Data concerning Neisseria gonorrhoeae infections in Italy are scarce, and there is little information on the
phenotypic and genotypic characteristics of the circulating strains. In this study, 326 isolates collected
from 397 patients, with or without concurrent human immunodeﬁciency virus (HIV) infection, were
cultured and characterized by serovar and antimicrobial susceptibility to ﬁve antimicrobials. N. gonor-
rhoeae multi-antigen sequence typing (NG-MAST) was also performed for strain characterization and to
identify a transmission network. Gonococcal infection was diagnosed in 364 males and 33 females, 296 of
whom were Italian and 96 of whom were foreigners (nationality was unknown in ﬁve cases). Among the
364 males, 197 were heterosexual, and the median age was 31 years. Approximately 8.3% of all the
investigated patients were HIV-1-positive. The isolates were assigned to three different serovars (IA, IB,
IA ⁄ IB), IB being the most frequently encountered. A signiﬁcant rate of resistant gonococci was also
observed; 34%, 25.5% and 19.1% of ciproﬂoxacin-resistant, penicillin-resistant and tetracycline-resistant
phenotypes, respectively, were detected, and 10.2% of strains were multidrug-resistant. Together with
the presence of different sequence types (STs), identiﬁed by NG-MAST, a multidrug-resistant cluster,
ST661, was detected in a heterosexual network in a precise geographical area of the country. In particular,
all strains belonging to ST661 showed identical proﬁles according to pulsed-ﬁeld gel electrophoresis
(PFGE), all were serotype IB, and all were resistant to penicillin, ciproﬂoxacin and tetracycline.
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INTRODUCTION
Information regarding the occurrence of, the
trend of and the groups at risk for Neisseria
gonorrhoeae infection originates mainly from liter-
ature from northern Europe and the USA [1–3].
There are few publications from central and
southern Europe with data concerning the epide-
miology and microbiological characteristics of
clinical isolates. In many developed countries,
the incidence of gonorrhoea is concentrated
among young people and socio-economically
deprived communities; there is also a strong
association between infection and overseas travel
[4].
In a context of rising rates of heterosexual
transmission of human immunodeﬁciency virus
(HIV) and continuing HIV transmission among
homosexuals, the evolution of the HIV epidemic
in Europe may be increasingly inﬂuenced by the
prevalence and incidence of sexually transmitted
infections (STIs), e.g. gonorrhoea, in the general
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population and in high-risk groups [5]. There is
considerable evidence that infection with N. gon-
orrhoeae can increase the likelihood of both trans-
mitting and acquiring HIV-1 worldwide [6–8]. In
addition, the spread of drug resistance among
N. gonorrhoeae isolates should not be underesti-
mated, especially when the infection occurs in
immunocompromised patients. As N. gonorrhoeae
has developed resistance to several antimicrobials
worldwide, surveillance is crucial for early and
successful treatment, for prevention of complica-
tions, and to reduce transmission.
From April 2003 to June 2005, a study was
undertaken in Italy to assess: (i) the epidemiolog-
ical characteristics of patients with gonorrhoea
and the rate of HIV-1 co-infection; (ii) the serovar
of N. gonorrhoeae isolates and the antimicrobial
susceptibility to ﬁve antimicrobial drugs; and (iii)
the correlation between molecular types and
speciﬁc antimicrobial proﬁles.
MATERIALS AND METHODS
Study setting and population
The seven sexually transmitted disease clinics involved in this
study are among the 12 active sexually transmitted disease
clinics in the Italian Sentinel Surveillance System for STIs and
are located in the largest Italian cities. In particular, ﬁve were
from the north of Italy (two from Turin, one from Milan, one
from Brescia and one from Bologna), one from the centre
(Rome), and one from the south (Bari). All new laboratory-
conﬁrmed cases of gonorrhoea that were diagnosed between
April 2003 and June 2005 were included in the study. All
patients provided informed consent to participate in the study.
For each patient, the following information was collected: sex,
age, nationality, residence, travel history (within the last
3 months), sexual orientation, anatomical site of isolation,
previous antibiotic use, immunocompromised status and HIV
infection status.
The Co-ordination Centre at the Department of Infectious
Diseases, Istituto Superiore di Sanita` (ISS) in Rome, was
responsible for the collection, storage at )80C and character-
ization of all isolates. Clinical ﬁndings and epidemiological
data were recorded there, and data input was performed using
Epi Info version 6.
Bacterial isolates and phenotypic analyses
From April 2003 through June 2005, 514 cases were reported,
of which 397 were documented and analysed. All the N. gon-
orrhoeae isolates (326) cultured at the seven centres were sent to
the ISS. The isolates were cultured as puriﬁed colonies on
Thayer–Martin medium with 1% IsoVitaleX (Oxoid Ltd,
Milan, Italy) at 37C in 5% CO2. Serotyping of all isolates
was performed with the Phadebact GC serovar test (Boule
Diagnostics, Stockholm, Sweden) by a co-agglutination tech-
nique using monoclonal antibodies [9,10].
MICs of penicillin, tetracycline, ciproﬂoxacin, ceftriaxone
and spectinomycin were determined by Etest following the
manufacturer’s instructions. Gonococcal cell suspensions were
prepared in phosphate-buffered saline to a density equivalent
to 0.5 McFarland. The breakpoints used for categorization of
susceptibility, intermediate susceptibility and resistance,
according to the CLSI (M2-A9, 2008), were, respectively,
£0.06, 0.12–1 and ‡2 mg ⁄L for penicillin, £0.25, 0.5–1 and
‡2 mg ⁄L for tetracycline, and £0.06, 0.12–0.5 and ‡1 mg ⁄L for
ciproﬂoxacin. The results for ceftriaxone were determined
using a breakpoint of £0.5 mg ⁄L for susceptible strains. An
MIC of £32 mg ⁄L was used to categorize susceptibility to
spectinomycin. N. gonorrhoeae reference strain ATCC 49226
was included in each test as a control. b-Lactamase production
was analysed using a chromogenic cephalosporin test with
Nitroceﬁn disks (Oxoid Ltd).
Molecular analyses
For molecular analyses, 164 isolates, chosen from those
collected from male and female patients who had declared
their sexual orientation, were examined by N. gonorrhoeae
multi-antigen sequence typing (NG-MAST) and by pulsed-
ﬁeld gel electrophoresis (PFGE). NG-MAST was carried out as
described by Martin et al. [11]. Forward and reverse sequences
of the por and tbpB genes from each isolate were analysed.
Sequence type (ST) numbers were assigned, based on the por
and tbpB alleles, using the NG-MAST website (http://
www.ng-mast.net).
For the PFGE analysis, genomic DNA embedded in agarose
plugs was restricted with SpeI (New England Biolabs, Ipswich,
MA, USA). Fragments were separated in a CHEF-Mapper II
apparatus (Bio-Rad, Hercules, CA, USA) with switch times
of 0.5 s (initial) and 54 s (ﬁnal) and a running time of 21 h
at 6 V ⁄ cm. PFGE patterns were compared among isolates
representative of clones. Strains with patterns varying by
three or fewer bands were considered to represent the same
PFGE type [12]. The PFGE banding patterns were analysed
with Diversity Database Fingerprinting software (version 2;
Bio-Rad Laboratory).
Statistical analysis
The association between resistance to antibiotics, socio-demo-
graphics and microbiological features was measured by
calculating an OR; 95% CIs were also measured to adjust
ORs, and a multivariate analysis was conducted using the
variables for which the univariate analysis showed a statisti-
cally signiﬁcant association. Multivariate logistic regression
analyses were conducted using SPSS version 13.0.
RESULTS
Characteristics of the study population
As shown in Table 1, among the 397 documented
cases, the median age of diagnosis of gonorrhoea
was 31 years for males and 22 years for females.
Gonorrhoea occurred in males (364) of all age,
whereas, in females (33), it occurred in the 17–39-
year range. Among the infected patients, 296 were
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Italian and 96 were foreigners. Among males who
had declared their sexual orientation, 197 were
heterosexuals, and 89 men declared themselves to
be men having sex with men (MSM).
As the cases involved mainly males, the male
urethra was the most frequent site of isolation
(94%). Other sites were the rectum and tonsils
(2% and 1%, respectively). The cervix was the
most frequently reported site among females
(78%), followed by the urethra, rectum and
tonsils (8.7%, 6.5% and 2.1%, respectively).
Approximately 8.3% of the patients with gonor-
rhoea were HIV-1-positive.
In this study, the proportions of HIV-positive
persons among those who declared themselves to
be MSMs and those who declared themselves to
be heterosexuals were 16% and 5.1%, respec-
tively (p <0.05). HIV-positive patients were also
8 years older than HIV-negative patients (median
age: 38 years vs. 30 years; p <0.05). It must also be
pointed out that among Italian patients, the
percentage of HIV-positive patients (10.9%) was
signiﬁcantly higher than among foreigners
(1.7%).
Phenotypic analyses
Most of the gonococci belonged to serovar IB
(88.9%), 7% to serovar IA and 4.1% to serovar
IA ⁄ IB. Single colonies from the latter were
rechecked for serogroup, because of the unusual
percentage of cross-reacting strains. Antimicrobial
susceptibility testing was performed on all viable
gonococci (326). Table 2 shows the results for the
ﬁve antimicrobials tested; 31% of strains were
resistant to at least one antimicrobial agent. All
penicillin-resistant isolates produced penicillinase,
but the percentage of penicillin-resistant isolates
varied among geographical areas, i.e. from a
maximum of 38.4% in Turin to a minimum of
4.1% in Rome. According to univariate analysis,
the recovery of resistant gonococci seemed to
correlate mainly with the sexual orientation of
infected males (heterosexual vs. MSM, OR 1.82;
95% CI 1.02–3.23) aswell aswith residence (Milan
and Turin vs. Bologna and Rome, OR 2.43; 95% CI
1.51–3.90). However, according to multivariate
analysis, the only variable associated signiﬁcantly
with resistance was residence (Milan and Turin vs.
Bologna and Rome, adjusted OR 1.95; 95% CI
1.11–3.42). The percentage of resistant strains was
substantially higher among individuals who had
started antibiotic treatment shortly before the
sample collection than among those who had not
(69.8% vs. 50.8%, p <0.01). This difference was
even more evident for strains resistant to two
or three antimicrobial agents (42.5% vs. 18.5,
p <0.0001). All the examined strains were suscep-
tible to spectinomycin and ceftriaxone.
Molecular analyses
Molecular analyses were performed on 164 iso-
lates, representing c. 50% of those collected from
male and female patients who had declared a
sexual orientation. In total, 59 STs were identiﬁed
by NG-MAST, including novel and previously
described STs (Table 3). Thirty-three STs occurred
only once (singletons), whereas 25 occurred as
clusters of two, three, four, ﬁve and seven isolates.
One ST, identiﬁed as ST661 (55 isolates), was
found mainly in Italian heterosexual males and
accounted for 33.5% of all examined strains
(Table 3). This cluster was predominant in the
Turin province, where it represented 55.3% of
isolates vs. 5.8% and 2.5%, respectively, in the
Table 1. Socio-demographic characteristics of patients
with gonorrhoea diagnosed in the seven sexually trans-
mitted disease clinics involved in the study
Turina
Milan +
Bresciab Bologna Rome Bari Total
Genderc (n = 397)
Male 134 46 114 67 3 364
Female 27 1 4 1 0 33
Median age (years)
Male 32 32 31 31 30 31
Female 26,5 24 22 17 0 22
Ethnicityc (n = 392)
Italian 113 37 91 52 3 296
Foreigners 47 8 26 15 0 96
Sexual orientationc (n = 317)
MSM 28 20 40 1 0 89
Heterosexual men 103 20 70 1 3 197
Heterosexual women 20 6 4 1 0 31
MSM, men who have sex with men, including bisexual men.
aTwo sexually transmitted disease clinics.
bMilan + Brescia are placed together because they are very close geographically.
cOnly where data were available.
Table 2. Susceptibility to ﬁve antimicrobial agents and
MICs obtained with 326 Neisseria gonorrhoeae isolates
Antibiotic
Percentage of isolates by
susceptibility level
MIC (mg ⁄L) range MIC50 MIC90Resistant Intermediate
Ciproﬂoxacin 34.2 6.1 0.002–32 0.2 25
Penicillin 25.5 40.3 0.004–32 0.25 32
Tetracycline 19.1 53 0.023–64 0.75 8
Ceftriaxone 0 0 0.002–0.19 0.003 0.02
Spectinomicin 0 0 0.125–24 6 12
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provinces of Milan and Bologna, the only other
two areas where it was found. All ST661 isolates
were serovar IB, were resistant to penicillin and
ciproﬂoxacin, and were resistant or had reduced
susceptibility to tetracycline.
During the study period, the isolation of ST661
peaked from October to December 2003; thereaf-
ter, in the same geographical area, the isolation
rate decreased and the appearance of three other
STs, showing the same antimicrobial susceptibil-
ity pattern as ST661, was observed. These three
STs (ST657, ST1252 and ST1253), found exclu-
sively in Turin, share the same tbpB allele with
ST661 but have different por alleles. However,
ST657 and ST1252 each differ from ST661 by a
non-synonymous point mutation in the por gene
fragment and, therefore, are possibly part of the
same cluster.
PFGE analysis revealed identical proﬁles
among all the strains belonging to ST661 and
ST657 (Fig. 1, lanes 1 and 2) and a possibly
related proﬁle for strain ST1252 (Fig. 1, lane 3).
Only ST1253 had an unrelated proﬁle (Fig. 1,
lane 4), which is consistent with the relatedness
inferred by the NG-MAST results.
Eighteen STs were identiﬁed in 28 strains
isolated from HIV-positive patients, and seven
were exclusive to those patients. Three of these
seven STs (ST69, ST210 and ST685) have been
previously described (http://www.ng-mast.net).
Additionally, seven of the 18 STs involved strains
resistant to one or more antibiotics, e.g. ciproﬂox-
acin or penicillin, commonly used for treatment.
DISCUSSION
Gonorrhoea is a major sexually transmitted bac-
terial disease present in both industrialized and
non-industrialized countries [4,13–15]. The dis-
ease is treatable and curable, yet no vaccine is
available. Consequently, control depends on the
identiﬁcation and treatment of infected individu-
als and their contacts in transmission networks.
Gonorrhoea is associated with an increased risk of
pelvic inﬂammatory disease, infertility, ectopic
pregnancy and the acquisition and transmission
of HIV [5,7]. It is estimated that STIs may increase
the likelihood of acquiring and transmitting HIV
two-fold to ﬁve-fold [7,16].
Table 3. Neisseria gonorrhoeae multi-antigen sequence typ-
ing (NG-MAST) of 164 Italian isolates and patient sexual
orientation
NG-MAST
sequence type (ST)
Total number
of isolates
(% of the total
examined)
Patient sexual orientation
MSM
Heterosexual
male
Heterosexual
female
ST661 55 (33.5) 2 45 8
ST69 4 (2.4) 1 3
ST70 2 (1.2) 2
ST129 4 (2.4) 1 3
ST147 2 (1.2) 2
ST252 3 (1.8) 3
ST655 4 (2.4) 4
ST656 3 (1.8) 3
ST657 3 (1.8) 3
ST659 3 (1.8) 3
ST660 5 (3) 1 4
ST663 2 (1.2) 1 1
ST665 2 (1.2) 1 1
ST666 2 (1.2) 2
ST795 2 (1.2) 1 1
ST893 3 (1.8) 3
ST935 2 (1.2) 1 1
ST1241 2 (1.2) 2
ST1242 7 (4.3) 5 2
ST1249 3 (1.8) 3
ST1252 3 (1.8) 2 1
ST1253 4 (2.4) 2 2
ST1418 2 (1.2) 1 1
ST1952 3 (1.8) 1 2
ST1953a 4 (2.4) 1 3
ST1954 2 (1.2) 2
ST singletonsb 33 (20) 7 24 2
Total 164 23 126 15
MSM, men having sex with men.
aNovel ST and registered in the database (http://www.ng-mast.net).
bST singletons: ST detected only once: ST4, ST40, ST64, ST80, ST85, ST127, ST129,
ST210, ST225, ST331, ST416, ST564, ST658, ST662, ST664, ST667, ST668, ST669,
ST685, ST730, ST908, ST1244, ST1245, ST1246, ST1247, ST1248, ST1250, ST1251,
ST1290, ST1292, ST1396, ST1492, and ST1951.
MW 1 2 3 4
Fig. 1. Pulsed-ﬁeld gel electrophoresis proﬁles of SpeI-
digested chromosomal DNA from Neisseria gonorrhoeae
isolates belonging to sequence types (STs) (lanes 1–4) 661,
657, 1252 and 1253. MW, molecular weight marker (New
England Biolabs).
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The relentless development of resistance in
N. gonorrhoeae isolates to antibiotics has limited
the number of antibiotics that are clinically effec-
tive and relevant. The ineffective or inadequate
treatment of gonococcal infections inevitably con-
tributes to disease complications as well as to
further transmission. In particular, quinolone-
resistant N. gonorrhoeae isolates are now prevalent
in many countries and constitute an alert for the
management of the disease [15,17].
The incidence of gonorrhoea in Italy is estimated
from statutory notiﬁcations, whereas information
on gonorrhoea trends and the characteristics of
patients with gonorrhoea are available from the
Sentinel Surveillance System,which, since 1991, has
recorded cases voluntarily reported to the ISS
(http://www.simi.iss.it). Thenotiﬁed and reported
cases of gonorrhoea in Italy follow a north–south
decreasing trend (http://www.ministerosalute.it;
http://www.istat.it), with a national incidence of
0.4 per 100 000 inhabitants for the year 2006
(http://data.euro.who.int).
As little is known regarding the microbiological
features of circulating gonococci in Italy, including
rates of co-infection with HIV-1, a study was
undertaken during 2003–2005 to explore these
factors. Considering that, during the study period,
819 cases of gonorrhoea nationwide were notiﬁed
to the Ministry of Health as part of the statutory
system (http://ministerosalute.it), the 514 cases
in this study represent 63% of all those reported.
In this study, N. gonorrhoeae infection occurred
mainly in heterosexual Italian males with a
median age of 31 years. Approximately 8.3% of
the patients with gonorrhoea were co-infected
with HIV-1. Worthy of note is the percentage of
antibiotic-resistant strains and, in particular, the
fact that resistant or even multiresistant strains
were more frequently isolated in those patients
who had started antibiotic treatment shortly
before sample collection. The only factor signiﬁ-
cantly associated with penicillin resistance was
residence in the north of Italy. It is important to
note that the highest rate of antimicrobial-resis-
tant pathogens is observed in the north of Italy, as
documented in the AR-ISS study 2003–2005 (rap-
porti ISTISAN 07 ⁄ 53: http://www.iss.it/publ/
rapp/cont.php?id=2155&lang=1&tipo=5&anno=
2007). Being HIV-positive was not associated with
antibiotic resistance, suggesting that protocols for
gonorrhoea treatment in HIV-positive individuals
should follow the current guidelines.
Interestingly, NG-MAST analysis, together
with a number of different ST determinations,
revealed the presence of a large cluster of isolates,
identiﬁed as ST661. This ST was predominantly
associated with heterosexual transmission among
Italian residents in the Turin province.
The importance of this cluster is highlighted by
the drug-resistant phenotype of the strains, sug-
gesting that, in this region, the resistance may
have arisen by clonal dissemination rather than
horizontal transfer of resistant genes. The emer-
gence of such a large cluster might indicate that
the nature of the sexual network and ⁄ or sexual
behaviour of the population might contribute to
the spread of such a strain. Alternatively, isolates
belonging to this genotype might have a ﬁtness
advantage over other strains, enabling them to be
dominant within a particular sexual network.
The high number of singleton STs identiﬁed by
NG-MAST could be explained in two different
ways: ﬁrst, it may be due to the high recombina-
tion rates in gonococci and to the strong selective
pressure for changes that may enable the bacte-
rium to evade the immune system; second, it may
be a consequence of suboptimal diagnostic pro-
cedures, ineffective partner tracing, local and
recent emergence of new STs, and import of
strains via sexual tourism or foreign travel, all of
which need to be further evaluated.
As no national microbiological data were pre-
viously available, this study provides data con-
cerning the strain characteristics of gonococcal
infections in Italy. In particular, the combination
of microbiological and epidemiological data
showed an association among genotype, serotype
and drug resistance in a gonococcal cluster
detected in a speciﬁc area in the north of Italy.
Such studies allow public health laboratories to
investigate the spread of gonorrhoea, both in the
general population and in targeted core groups.
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